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CASE REPORTSQuantitative assessment of right ventricular function in pectus
excavatumRajeev L. Narayan, MD,a Prashant Vaishnava, MD,a Jose M. Castellano, MD, PhD,a and
Valentin Fuster, MD, PhD,a,b New York, NY, and Madrid, SpainPectus excavatum is a common congenital chest wall de-
formity.1 Underlying cardiac chambers, in particular the
right atrium and right ventricle (RV), may be compressed
between the vertebral column and the depressed sternum
in patients with this thoracic deformity.2 Citing improve-
ment in indices of cardiovascular function after corrective
surgery, some investigators have suggested that the de-
formed chest may contribute to cardiopulmonary impair-
ment.3 Although cardiopulmonary impairment certainly
may contribute to symptoms in patients with pectus exca-
vatum and guide the need for and timing of corrective
surgery, guidelines for the assessment of resting cardiovas-
cular function remain undefined. Furthermore, the qualita-
tive echocardiographic assessment of RV function and
volumes among patients with pectus excavatum may be
technically difficult and limited by subjectivity.1 Quantita-
tive echocardiographic parameters, such as tricuspid annu-
lar plane systolic excursion (TAPSE) and RV fractional
area change, may offer a more accurate assessment of
RV function in this anatomically distinct population.4 Car-
diac magnetic resonance (CMR) imaging has emerged as
the criterion standard in RV functional assessment and,
more recently, has been validated in patients with pectus
excavatum.5
We compared qualitative assessment of RV systolic im-
pairment by visual echocardiographic inspection with quan-
titative assessment of RV function with CMR and
echocardiographically derived TAPSE and RV fractional
area change in a series of patients referred to our institution
with mild to severe symptomatic pectus excavatum. Pa-
tients were being considered for corrective surgery. Our hy-
pothesis was that the patients would be found to have
normal RV function when assessed quantitatively, either
through CMR or quantitative echocardiographic examina-
tion, despite impairment seen qualitatively.From The Zena and Michael A. Wiener Cardiovascular Institute,a The Mount Sinai
Medical, Center, New York, NY; and the National Center for Cardiovascular Re-
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We evaluated 8 patients with pectus excavatumwhowere referred to our
outpatient clinic for evaluation of dyspnea attributed to pectus excavatum
and previous echocardiographic evaluation that had demonstrated qualita-
tive RV dysfunction. All patients underwent 2-dimensional echocardio-
graphic and CMR imaging at the Mount Sinai Medical Center in New
York. The institutional review board was contacted, and formal approval
was deemed unnecessary.
All patients in this series underwent 2-dimensional echocardiographic
scanning with a Phillips iE33 xMATRIX Echocardiography System
(Koninklijke Philips Electronics NV, Amsterdam, The Netherlands).
Qualitative analysis of biventricular systolic function was performed by
1 of 3 trained echocardiographers. TAPSE was measured from the apical
4-chamber view as the maximum displacement of the lateral tricuspid an-
nulus from diastole to systole in centimeters, with a TAPSE less than 16
mm indicative of RV systolic dysfunction.4 RV fractional area change
was measured as the difference between RV area in end-diastole and
end-systole in the apical 4-chamber view, divided by the RV area in
end-diastole, with RV fractional area change less than 35% indicative
of RV systolic dysfunction.4 All patients underwent imaging with
a 1.5-T (Magnetom Sonata; Siemens Medical Solutions USA, Inc, Mal-
vern, Pa) or 3.0-T (Achieva; Koninklijke Philips Electronics) magnet,
with dedicated surface coils and retrospective electrocardiographic
gating.RESULTS
All patients in this case series had RV dysfunction ac-
cording to qualitative visual assessment. The range of dys-
function was graded from mild to severe. The sample was
heterogeneous, with 5 men and 3 women ranging in age
from 23 to 78 years. Average pectus index (maximum trans-
verse diameter of the chest divided by the shortest sternospi-
nal distance on CMR2) was 5.5  2.5, consistent with at
least moderate pectus deformity. As shown in Table 1, quan-
titative echocardiographic analysis demonstrated an overall
normal TAPSE (1.9  0.5 cm) and RV fractional area
change (35.8%  11.2%), and a normal RV ejection frac-
tion was measured with CMR (53.5%  5.4%). None of
the patients underwent corrective surgery.DISCUSSION
Our results suggest that the qualitative echocardiographic
evaluation of RV systolic function may be inaccurate and
should not be used to inform the indication or timing of
surgery. Quantitative echocardiographic assessment by mea-
surement of RV fractional area change and TAPSE offers an
alternative and potentially more accurate means of assessing
RV function, equivalent to those derived fromCMR imaging.
Quantitative echocardiographic examination also offers the
benefits of greater availability and less cost.rdiovascular Surgery c Volume 143, Number 5 e41
TABLE 1. Summary of quantitative and qualitative measures of right
ventricular function in patients with pectus excavatum by
echocardiography and cardiac magnetic resonance imaging
Patient
RV
dysfunction*
TAPSEy
(cm)
RV FACy
(%)
RV EFz
(%)
1 Severe 1.8 17.8 47
2 Moderate 2.5 25.5 59
3 Mild 1.7 33.7 62
4 Moderate 2.2 37.0 53
5 Moderate 1.8 41.7 50
6 Moderate 2.0 47.5 52
7 Moderate 1.0 47.7 48
8 Mild 1.9 36.0 54
Mean  SD NA 1.9  0.5 35.8  11.2 53.5  5.4
Reference range
in healthy
subjectsx,k
Normal
function
1.5–2.0 32–60 49–72
RV, Right ventricular; TAPSE, tricuspid annular plane systolic excursion; FAC, frac-
tional area change; EF, ejection fraction;NA, not applicable. *Qualitative echocardio-
graphic assessment of right ventricular dysfunction as mild, moderate, or severe. yBy
echocardiography. zBy cardiac magnetic resonance imaging. xRudski LG, Lai WW,
Afilalol J, Hua L, Handschumacher MD, Chandrasekaran K, et al.4 kSaleh RS, Finn
JP, Fenchel M, Moghadam AN, Krishnam M, Abrazado M, et al.5
Case ReportsAn accurate assessment of RV function in patients with
pectus excavatum is imperative, because it may alter the
decision for corrective surgery. Because of mixed data
regarding whether there is measurable cardiopulmonaryFrom the Department of Cardiology,a Kawasaki Medical School, Kurashiki, Japan;
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the indications for corrective surgery for pectus excavatum.3
Nonetheless, an accurate assessment of biventricular func-
tionmay help inform the need for surgery and clarify the eti-
ology of symptoms in this anatomically distinct population.
Although our case series is limited by a small heterogeneous
sample size without a control population, we highlight a po-
tentially important limitation of qualitative echocardio-
graphic assessment when evaluating biventricular function.References
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complex during mitral valve repair for functional mitral
regurgitationKikuko Obase, MD, PhD,a Masashi Komeda, MD, PhD,b Hiroyuki Okura, MD, PhD,a and
Kiyoshi Yoshida, MD, PhD,a Kurashiki and Nagoya, JapanReconstructive surgery, which restores the normal align-
ment between the mitral annulus and displaced papillary
muscles (PMs), might be beneficial in patients with func-
tional mitral regurgitation (MR). A detailed understandingof the mitral apparatus is the key to successful surgery. Al-
though 3-dimensional transesophageal echocardiography
(3D-TEE) plays an essential role in understanding the mi-
tral valve apparatus, the conventional trans-left atrial (LA)
observation by 3D-TEE sometimes fails to visualize the
subvalvular apparatus. When assisting surgical subvalvular
reconstruction, it is imperative to obtain appropriate im-
ages for quantitative analysis of the submitral morphology.
In the present study, we compared the effectiveness of the
transgastric approach using 3D-TEE in visualizing the mi-
tral valve structure with the conventional trans-LA ap-
proach during surgery for functional MR.
METHODS
A total of 8 consecutive patients (2 with chronic atrial fibrillation) un-
derwent mitral valve surgery for functional MR. After anesthesia inductionery c May 2012
